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ABSTRACT 

The rebshift-magnitude relation expresses a relationship between 

apparent rragnitude and redshift that permits the determination of the 

density m d  acceleration parmeters from observational data. However, 

in order to use the redshift-magnitude relation, data must be extended 

beyond a redshift of one-half ar,d all sources in the set of data used 

must have about the same intrinsic luminosity. A n  incremental redshift- 

magnitude relation is introduced that provides increased sensitivity for 

the determination of the density and acceleration parameters and the 

redshift-a;I,parent-magnitude data need only extend beyond a redshift of 

one-quarter. Sources of different intrinsic luminosity can be used in 

the S a m  set of data. 'ine incremental redshift-magnitude relation can 

be interpreted geometrically and provides increased insight into the 
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incremental apparent magnitude from observational data is presented. 

Prelircinary results of a computing program using the incremental redshift- 

magnitnGe relation indicate a trend toward spherical space in which the 

curvature constant and cosmical constant are positive. 

INTRODUCTiOB 

Unifo-m- zero pressure relativistic models of the universe are described 

by the curvature constant and tine cosmical constant. The curvature constant 

and cosmical constant are functions of the acceleration and density parameters 

which must be determined from observational data. The usual method to deter- 

mine these paraneters is to apply the redshift-magnitude relation (equation (1) 

below) to the measured apparent magnitudes and redshifts. The use of the 

redshift-magnitude relation to determine the acceleration and density 

parameters requires that all sources in the set of data used in the compu- 

tation have about the same intrinsic lwninosity. 

Unpublished results of calculations with the redshift-magnitude relation 

using data for galaxies from Humanson, Mayall, and Sandage (WE) 19% and 

Barn (McVittie 1965) indicate that observational data should extend beyond 

redshifts of one-half in order to determine a possible model universe. 

U-nforturiately data for galaxies do not extend beyond a redshift of 0.46. 

If the redshift of quasi-stellar objects (QSO) is interpreted as arising 

from the expansion of the universe then the use of the QSO with the larger 

measured redshifts should provide a better determination of the acceleration 

and density parameters. However, the use of QSO with galaxies introduces 

additional problems into the calculation because the, intrinsic luminosity 

of the Q$O and galaxies are different. 

, 
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This paper presents a modification of the redshift-magnitude relation 

that permits the use of sources with different intrinsic luminosity, 

increases t h e  sensitivity of the detemination of the acceleration and 

densizy parameters and lends itself to geometrical interpretatiofl. In 

addition, a method is given for the determination of the incremental 

apparent magxitude from observational data. The preliminary results 

obtained from a program that uses the incremental redshift-magnitude to 

detemine the density parameter and acceleration parameter are discussed. 

The Incremental Redshift -Magni tude Relation 

m1 m e  most general form of the redshift-magnitude relation for uniform 

zero pressure relativistic models of the universe is, Sherman 1965, 

m = 5 logio (1 4- 2 )  ( - sinh 6 a) f M, - 5 (1) 
j-k 

(1) m = 5 logio (1 4- 2 )  - sinh 6 a) f M, - 5 ( j-k 

where 

In equation (l), m is the apparent magnitude, c is the speed of light, 

H 0 is the Hubble parameter, k is the curvature constant, 90 is the 

acceleration parameter, CT is the density parameter, z is the redshift, 
0 
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M i s  the absolute  nagnitude of t he  source and t h e  constant 5 comes from 

the  d e f i n i t i o n  of magnitude. 

I-c i s  of i n t e r e s t  t o  note t h a t  t he  luminosity dis tance i s  t h e  argument 

of the log  term and the  r a t i o  

slope of the  luminosity d is tance  with respec t  t o  z a t  z = 0. The zbsolute 

magnitude or" t he  source, 7 4 ,  i s  a funct ion of the  process tak ing  place i n  

the  source and the physical  condition of the  source; thus, M i s  independent 

of z and of the  rrodel universe.  

the  requirement tha; a l l  sources have about the  same i n t r i n s i c  luminosity. 

It i s  more convenierit t o  wr i t e  t he  redshift-magnitude r e l a t i o n  a s  

c/Ho7 2 constant f o r  a given epoch, i s  the  

it i s  the  term i n  equation (1) t h a t  imposes 

where 

c = 5 loglo C + M - 5 
0 

The t h ree  constants (c/Ho, M, and 5 )  t h a t  make up C a r e  independent of 

the  model universe and independent of z. Thus, C i s  a l s o  2 constant t h a t  

i s  independent of t he  model universe and z and it contains the  term t h a t  

imposes the  requirement t h a t  a l l  sources have about the  same i n t r i n s i c  

luminosity. 

To obtain the  incremental  redshift-magnitude r e l a t i o n  the  argument of 

t h e  log term i n  equation (2)  i s  mul t ip l ied  and divided by Z.  Equation (2) 
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can now be writtec as 

I 
-k ( - )  (,-$ sinh ip w 4- 5 logloz 4- c (3) 
0 - P o  

M = 5 log 

where the last two terns are the linear form of the redshift-magnitude relation. 

In the linear redshift-magnitude relation, 0 - - qo = 1. The linear apparent 

magfii'ciifie, m is given by 1' 

0 

s - & t r ~ ;  . ..:; cc:l~lstion ( b )  Tro;n cq,uzlion (3) gives the following expression for 

the incrcwriLal redshift-magnitude relation 

where 

As the coiisLsnt C has been eliminated from equation ( 5 ) ,  the requirement 

that all sources have about the s m e  intrinsic luminosity is relaxed. T'ne 



increrfiental redshift-magnitude r e l a t i o n  r e f e r s  a l l  uniform zero-pressure 

r e l a t i v i s t i c  models of the universe t o  a standard reference,  t h e  model 

represented by the  l i n e a r  redshift-magnitude r e l a t i o n  i n  which cro = s, = 1.0. 

When cfo = qo = 1.0 i s  subs t i t u t ed  i n t o  equation ( 5 ) ,  Am = 0 for all z. 

Equation ( 5 )  i s  va l id  f o r  zero pressure r e l a t i v i s t i c  models of t he  universe;  

kowever, model universes based on o the r  t heo r i e s  of g rav i t a t ion  o r  approxi- 

m.te forms of equation ( 5 )  ccn be compared d i r e c t l y  with r e l a t i v i s t i c  models 

i f  they  a r e  Teduced t o  the  saxe s tmdard .  

i n  which Robertson's approximate redshift-magnitude r e l a t i o n  i s  compared 

with ec,uazion ( 5 )  t o  determine regions of usefulness.  

See Sherman 1966 for an example 

C-eorr,etric In t e rp re t a t ion  of t h e  Incremental Redshift- 

Kagnitude Relation 
- 

"Lie s o l i d  or' rcodel u-nivezses .- A s tudy of t h e  incremental  r edsh i f t -  

magfiikude r e l a t i o n  indicated t h a t  i t  could be in t e rp re t ed  as  a geometric 

z coordinate system. This s o l i d  qa3 so l id ,  see f i c f l e  1, i n  t h e  An, 

ca l led  t h e  s o l i d  of m o & l  universes can extend t o  i n f i n i t y  i n  the  z and 

direct ior-s  and only a small  por t ion  or' it, t h e  region of i n t e r e s t  i n  90 

= 1.0, i s  shown i n  f igure  1. The s o l i d  can be 90 the  neig'nborhood of 

thought of as  a s tack  of surfaces  on 5fnich the dens i ty  parameter and, 

consequently, t'ke dens l ty  i s  constant.  The t r a c e s  of these  surfaces  on 

t h e  g = c o n s t a t  sec t ions  of t h e  s o l i d  car ry  a l l  t h e  information necessary 

t o  describe poss ib le  models of  t h e  universe .  Because each curve represents  

a poss ib le  Eodel of t h e  universe t h e  t r a c e s  of t h e  surfaces 

i n  the  c = constant sec t ions  a r e  ca l l ed  model curves. 

0 

cro = constant 

-0 



-c top surface of t h e  s o l i d  of model universes i s  the  surface 

on whick d t n s i t y  i s  equal t o  zero. B.ecause a l l  phys ica l ly  s ign i f i can t  

models of t he  universe, models i n  which 

surface the  Ar associated with t h i s  surface i s  the  upper boundary f o r  Am. 

There i s  no well deflned lo17er boundary f o r  Am. The lower boundary i s  a 

funct ion 'of  the  dens i ty  parameter and i s  s e t  by t h e  maximum allowable value 

of oo o r  a value of C J o  t h a t  i s  se lec ted  so t h a t  undue r e s t r i c t i o n s  a r e  

oo > 0, l i e  below the zero dens i ty  

not ?laced on poss ib le  models of t he  universe.  

a oo of 6.0 was adopted a s  Lot being too  r e s t r i c t i v e .  The Am associated 

wit'n the surface on wkic'n 

%ode1 universes skmm i n  f i g u r e  1. 

I n  the  work reported here in  

(ro = 6.0 i s  the  lower boundary f o r  the  s o l i d  of 

- mformation coriter-t of t h e  s o l i d  of model universes.-  All phys ica l ly  

s iEQi f i ccn t  K I G C X ~ S  02' Lhc-nivcrse  of t h e  c lass  cocsidered, those models with 

o0 > 0, l i e  below the zero dens i ty  surface.  T k s e  models of t h e  universe can 

be describcci by the curvature constant k and t h e  cosmical constant A. As 

k cun be +1, -;, o r  0 and A con be equal t o ,  g rea te r  than, or  less  than 

zero t i iere a re  nine poss ib le  cornbinations of t he  constants;  each combination 

represents  a family of models of the universe .  Spec i f i c  models within these  

fami l ies  Zre i d e n t i f i e d  by the n u m r i c a l  value of A .  By  f inding the  locat ion 

of the surface on which k = 0 and A = 0 the  loca t ion  of t h e  various fami l ies  

of model universes wi th in  the  s o l i d  of model universes can be determined. The 
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surfaces on whicb k = 0 and A = 0 divide the  s o l i d  of model universes 

i n t o  four  mutually exclusive regions each occupied by one of the  cornbina- 

t i o n s  of k and A,  see  f igure  1. O f  the  renaining five combinations, 

four  occur on the k = 0 and A = 0 surfaces.  Tne remaining combination 

or" k and A ,  k = A  = 0 i s  found a t  the in te rsec t ion  of the  k 0 

azd A = 0 suri'aces. Fourteen fami l ies  of model universes of the  type 

considered i n  t h i s  paper, see Robertson 1933, aye d i s t r i b u t e d  i n  these 

regions of the  s o l i d  o r  on the surfaces .  Each region o r  surface i s  s ingly  

occxpied except The k = "1, A > 0 region; and t h i s  region i s  mult iply 

occupied. I n  ike region where k = t.1 and A > 0 there  a r e  an o s c i l l a t o r y  

~ o d e l ,  three tTypes of expanding model, the  Einstein s ta t ionary  model, and 

a nodel ?;hat i s  asTpptotic t o  the Einstein model. The fami l ies  of model 

m i v e r s e s  i d e n t i f i e d  by-the conbiaation of k ard A associated with 

the regio2 tkey occupy. The k = +1 2126 A > 0 designation for t h e  multiply 

occupied region w i l l  c o t  be broken do-cm i n t o  s p e c i f i c  famil ies .  

Sections of tl-x s o i l d  of nodel universes w i t h  x held constant a r e  of 

i n t e r e s t  as t h e y  Iridicate the d e m i t y  ranges t h a t  can be expected f o r  the 

various f':x?ilies of rrodel universes.  A sect ion of the s o l i d  f o r  z = 1.0 

i s  shom Ir, 5 g w e  2. I n  addi t ion t o  the  k = 0 and A = 0 curves, the  

t r a c e s  oZ tLc 0- = constant surfaces  are shown. A s  oo i s  d i r e c t l y  

p ~ ~ o r t i ~ : ~ ;  t o  density,  McVittie 1963, the dens i ty  ranges f o r  the various 

f a x i l i e s  of modeis can be estimated. This f i g u r e  also permits the  t m e  of 

model universe f o r  p a i r s  of o and q t o  be determined. 

0 

0 0 
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Extraction of Om From Observational Data 

- ~ r i  or2e-r t o  make use of t h e  incremental fo-m of t h e  redshift-magnitude 

r e l c t i o n  it  i s  cecessary t o  e x t r a c t  a & from observat ional  da ta .  It was 

sssmfied t h a t  che observed apparent rsgni tudes were composed of t h ree  pa r t s ,  

a l i n e a r  ?ar t ,  a nonEnear  p a n ,  and an w-cer ta in ty  due t o  noise .  The method 

used seps rn tes  the  apparent magnitudes i n t o  two p a r t s ,  t he  l i n e a r  p a r t  and 

the  nonlinear part plus  the  noise .  The l a t t e r  p a r t  i s  ca l led  mobs. 
7 because t h e  observat ional  daca f o r  galaxies and ($30 divided i n t o  severa l  

g r o q s  of' difI 'erenc i n t r i n s i c  lwninosity, t h e  following 

r,\'as used to obcain ~ 3 ~ ~ ~ ~ .  The method of l e a s t  squares 

equatiori (4) and t h e  observat ional  data  f o r  galaxies  t o  

li:lear f i t  t o  the  data .  It was found t h a t  the  variance 

from the S i t  was 0.15264 and the  standard devlat ion was 

semi gr aphi ea 1 method 

was used with 

obtain t h e  b e s t  

of the  observed m 

0.363. The constant 

r: t o  be 21.402 k 0.054. Eq-dation (4) was used with t h i s  informa- 

t i o n  t o  mas t -me t  a g r id  on which observational data  could be p lo t t ed .  Yne 

t o  ploc the  line corresponding t o  ml = 5 loglOZ + 21.4-02, 

?;he solici Line 1aSeled 21aL92, sce f igu re  3 .  With tinis l i n e  as  a s t a r t i n g  

2oin t  a l t e r n a t e  dashed acd s o l i d  l i n e s  were drawn displaced from each other  

by Yne standard deviat ion of m from the f i t  u n t i l  a g r id  covering the  spread 

of' observLtiona1 daxa had been constructed.  Observational data  from Hi45 196, 

NcVitcie 1965, and Sazcdage 1965, was superimposed on the  gr id  a s  shown i n  

2'igur-e 3. The observed objec ts  f a l l i n g  between two dashed l i n e s  were assigned 

t h e  value of t h e  constant associated with t h e  s o l i d  l i n e  t h a t  passed between 

the  dashed l i n e s .  



2 f - -  _ _ _  &L- r,he c o r s t  had been detemined f o r  each group objects  from 

Equation (6) was then f i g m e  3 ,  equation ( 4 )  v e r e  used to compte 

used t o  obtain LESI f o r  each source. Figure k i s  a p l o t  of the incremental 

apparent rragnitude obtained from observational data  p l o t t e d  against  

ml. 

2 .  

There n r e  uncer ta in t ies  conr,ected wi th  &.n . These uncer ta in t ies  ob s 

occur becs-cse of e r r o r s  i n  apparent magnitude, r e d s h i f t  and the  constant.  

I n  cc-cirx&iiiG the uncertaincy i n  Llra errors i n  the  r e d s h i f t  were assumed 
ob s 

to be c z g i l g i b l e .  

de Vaucou;c-cs 1901, and The mcerzaiz?ty was 20.034. These component 

L L C ~ T ~ ~ ~ C L - ~ S  gave ar, eskimated uncertainty i n  

The e r r o r  i n  apparent magnitude w a s  taken a s  fO.025, 

/ 

. .  of 20.079. &ob s 

Dischssion of the  S o l i d  of Nodel Universes and Observational Data 

.- Model curves €or several values of  a r e  shown i n  
- 

fi;?;i*c j. A ,  ;?le redchi f t  approaches zero tine model curves aFproach a focus 

c l c r -  tkc' !kL AJ = z = 0. ?he ~ c t  of t h i s  f'ocusing i s  to draw t h e  model 

c'r a r i  between z = 0.27 and 0 it becomes almost impossible t o  

odc l  curves. 

b J i t h  ?;he s c a t t e r  t h a t  i s  present  i n  avai lable  observational data,  see 

figure !-, c. g r e a t  mcny mode; curves w i l l  fit the data equally well and the  

se lec t io?  0: a model universe i s  impossible. This lack of d e f i n i t i o n  between 

tke model curves reqaires t h a t  r e d s h i f t  data  extend beyond 0.23 before meaning- 

f u l  r e s u l t s  with regard t o  a ixodel of the universe can be obtained. From t h i s  

inf'o:mation it can be concluded t h a t  the  minirmm required range of z f o r  the 

incrernencal redshift-xagnitude r e l a t i o n  i s  50 percent of t h a t  f o r  the  redshi f t -  

magnitude r e l a t i o n .  
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- _  ,, . _ .  
. J ~ l v  Q- s ~ ~ m ~ : i ' F e d  xodcl:; .- Slr ,q l i f ied  models, l i k e  the  zero dens i ty  

r -0~~1,  are somecines used t o  de te rc ine  the  acceleration parameter. The use 

of cl icse s k i 2 l i f l e d  rrodels can 3e misleading, Suppose the  zero dens i ty  

whi ch node1 was used w i t > -  a s e t  of obse rva t i c ra l  data  t o  determine 

the  -i.:i;s ?ollJp.e -Lo 53 tee. xi' 2 uo i s  assmed and used with t'nis 

model c ~ r v e  i s  depressed below the  b e s t  fit surface, see f igu re  5 ,  and the  

qO 

qo 

~ ? P T  rfio&l czrve no longer fi-cs the  da ta .  Wizh the o0 included i n  t h e  

Ir.cZel L, L. - - -  "V L L b C i .  i>---pmine ..- a t he  b e s t  f i t  curve would l i e  t o  t k e  L - X  of 

qo = 1b.C 

-0 

ir, r'LL?;rc 2.  Zxpcrience wLth exact and zero densi ty  fizs t o  t h e  

' s  o j t a i m d .  i n  one case the  
c"O 

of about 9.0 m d  t he  exact model the  g q0 0 
%?TO 

7 , ~ ~ s  0.262 G r x  cro was 2.63. Thcsc r e s u l t s  i nd ica t e  t h a t  t h e  use of s implif ied 

L.. ry-yjels I:: dL'3iouL ant! t h a t  G o  and should be determined as  a pa i r  from 
- 

-. _ _  I'-p' G: -bu-o? p- :  of' 7 m e r a l  c l a s s  of  mo6ele- ?he s o l i d  of model universes makes 

it - xnecess&ry  t o  c s e  a c o q u t e r  t o  cb ta in  zn ilndication of t he  type of model 

m i v e r s e  indizaced by the  observat ional  dzta. As shown i n  f igu res  1, 2, and 

var ies  90 5 ?  the  surfaces  0: constant 

Ira::! 5 .G TO -1.0 but a r e  warped. Knowledge of warpage of these  surfaces  when 

A'20b s cor-bin& V T : ~  cke d i s t r i b u t i o n  of 

or" t ke  vypc of r,odei universe t o  be expected. The hobs shown i n  f igu re  5 

i s  c l ~ s t e l - e d  near the Om = 0 axis .  O f  t he  74 poin ts ,  21  Omobs a r e  

pos i t i ve  acd l i e  i n  the range 

wLch nezztlve 

-,he o-sservstional r e s u l t s  l l c  between two planes t h a t  i n t e r s e c t  t he  

uo do not m i n t a i n  the same shape a s  

wlth z give an important ind ica t ion  * .  

ob s 

O <  Aiobs S; 0.33 and the re  a re  33 po in t s  

z -0.367. Thus, > t h a t  l i e  L a  the ra-Age &'ob s 

- T r  - 
&,xis 2: 9.33 ar-d -O.jo(. In order  t o  f i t  the observat ional  data  the model 



.. di:cr:cc;lor- of @r2 i ? i t h  z Indica tes  a curve t h a t  has pos i t i ve  

eloric t h a t  change.; t o  a s m l l  cegat ive slone near z = 0.15 and maintains 

0% s 

“ .LX wi: ?or. o < 0 t n e  curves show too  s h a q  a pos i t i ve  maximum and 
-0 

* _- “his xixLz:a i s  too ,rea% Bor t h e  data  i n  € i s r e  i T‘nus, 

T3eccluz:c the solid o.? rrodel u c l v c r s c s  permits the model indicated by the  

dq *- .. and q f o r  t h e  u b u  to bi icolaLci! n~ch i c t? ;e r  i n i t i s l  v s h e s  oi” 

iceration ~ T G C ~ S S  co determine these pzrmeters ,  can now be selected.  

0’ 

Use of the  Incremental XeLshift-Na*gnitude Relation 

mobs t o  Analyze 

A c o q u t e r  pi-ogran t o  study the  c se  of t h e  incremental redshift-magnitude 

r e l a t i o n  has j u s t  been undertaken. This program makes use of the  method of 

d i f f e r e n t i a l  correct ions,  x i e l sen  1964, t o  

z’ne root  r ean  squiare of t he  An r e s idua l s  

determine G and q so t h a t  

i s  miilimized. So f a r  it has 

0 0 



as discussed &ob s i uiiverses with 

, Lril:roves t:.c z c k c t i c n  o l  i 2 i t i a l  values f o r  t h e  

z ~ k  LO thi. mlqimm i s  sho r t e r .  The incre-  

:IL:S ~ L R  found t o  be about twice as 

L L ~ C  :*cla-t2on when used t o  de t e r -  

n5r-c 0 &xi c ;';.o:a c;servatioc.&l dat;. 
0 -c 

r- .- -0 ckte t w o  proLlem areas have been found and a r e  

. ?-n-,Jc:,-&y-i-'< ~ - r.2 -- 1 - c ~ t  p r o b l e n  area involves s o h t i , n s  

vuiuec of CT are  
0 

L' ;or ccrtaL-1 d i s t r i l m t i o n s  

z r c  pkys ica l ly  macceptablc .  Thz 

observat ional  data. Results 

al;d 9, :.a: bcic; corquted a r e  heavi ly  a f fec ted  

.- 1, byproduct of t h i s  computing program 

ent ly ,  8 model of t h e  

c the  deta shown i n  f i g m e  & f o r  galaxies  and @O was analyzed 

I -  \ 3y cke use o l  L d u h t i a ~  \>) ,  5 ~ 8 s  f o m d  t o  be zbout 1.1 and q about 0.94 

icaclcr, 02 c and 2~11s i n  cke reglon predicted t'nrough the use 

0 0 

0 =0 

of %?.e solid of rm3del ur.ive;-ses. Thls corrbiaation oI" 0 and q ind ica tes  
0 0 

3 1::odeL -z?.ivc.rse t k z t  has k = +1 and A > 0, with a dens i ty  about 

2.0 X IO-" ;/cc.  T3is c o ~ b i n a t i o n  of k aad A means t h a t  space i s  

soker ica l .  2he use of Robertson's methods, Robertson 1933, shows t h a t  

= C.gb descr ibed 2 Le :Xaitre t?ype universe.  A s  y e t  3- = 1.1 and 
9O 0 

a 

there  



is ;o::.i n c ~ z t e i '  i n  observazional a an; se l ec t ion  i s  present  i n  the  data;  

I n  adCiclon, the c m ? l e  i s  s t i l l  very sr?.all with respect  t o  the  t o t a l i t y  

01' t:?,c pi*o'3le:fi. 

%%e r e s u l t s .  Lastly,  thci-c i s  doubt tkt t h e  r e d s h i f t  of the  gS0 i s  due to 

tki. e y x x s i o n  os' tke m i v e r s c .  

Audition o r  de l e t ion  0:' sources s t i l l  produce changes i n  

I n  this 9aper the  r e d s h i f t  of the QSO has 

c x ~ i ~ ? d  LO t h e  expamion 01' t h e  universe so t h a t  g$O could be  used t o  

i 3  l..c., --..-- A d - ~ o ~ ~ u u e  the use of' sources of d i f ' f e r ing  in-cinsic luminosi t ies .  For 

se  r i z s o x ,  tke 0 snd 9, deterxlncd. from present  data  should be 
0 

e ; ? c l n ~  a poss ib le  crc;zd raxher  tkan a spec i f i c  model 0: t he  

I;' 5 ve i' " *- &-e. 

-4s y c t  LO ana l j rs ls  ~ E S  b e e n  pede of' cke se2ai-ate groups of sources 

- .  
CZ,YCU ir, fl2-x-e 3 because of %::e smll  nuxber of' sources i n  most of 

I _  

L S .  ..owi)vcr, tEe data for galzxies and a0 have been analyzed 

~ C ~ S L ~ L L L L ~ .  TLC results f o r  g;;lzxles indica."ce a very low densi ty  hyper- 

5 o l i c  KOOC-l scd The r e s u l t s  f o r  tkc QSO mi3 i n  very good agreement with 

o x d  cj, giver: above. TOO n ~ c h  significance should not be a t tached 
0 0 

Lt because the  data for  galaxies a re  E mixture of photographlc 

LSC 9hotoelec';ric data and the  qua l l t y  of  these  da ta  for galaxies  i s  not 

comidemC cor.r;n~r;'ole t o  the  qub lL ty  of the QSO data .  I n  addition, t'ne 

PET of handllr-g the d a m  f o r  Gziaxies may have influenced t h i s  r e s u l t .  

was read, f':_*o:c f l g u e  4 and used even zkough it w a s  d i f f e r e n t  from 21.402. 

c for all galaxies   as taken as 21.402, tine r e s u l t s  f o r  galaxies 

r a t e l y  and together  g ~ v e  :he srr,e t T n e  of model universe.  For t h i s  

of %he dat; for  the galaxies  and ?$O, CY = 1.2 and qo = 1.13. 
0 
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In this case, the curvature constant k and cosmical constant A are 

both positive. 

which 0 = 1.1 and q = 0.94 which indicates that ‘the WO are dominant 

in determining the model universe. 

This result differs little from the previous model in 

0 0 

Beforc d c f i n i t e  conclusions can be dram more high-quality data, in 

particular for galaxies, are needed. It would be helpful in the weighting 

problem if the probable error for each magnitude is known. 

CONCLUDING REMARKS 

An incremental form of the redshift-magnitude relation has been 

derived. 

sources of different intrinsic luminosities in the same group of data, 

gives increased sensitivity to the determination of and q and 

lends itself to geometrical interpretation that gives increased insight 

into the problem of determining a model universe from observational 

data. 

observational data has been presented. 

Because of the uncertainties connected with observational data, 

The incremental redshift-magnitude relation permits use of 

0 0’ 

A method for determining an incremental apparent magnitude from 

results obtained from a computer program 

firm model of the universe. The results obtained to date indicate that 

curvature constant and cosmical constant are positive and that the density 

is on the order g/cc. 

indicate a trend rather than a 

More and better quality data with a known probable error are needed 

before more definitive results can be obtained. 
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